A modification of the enzyme-linked immunosorbent assay for a sensitive and rapid visual detection of heat-labile enterotoxins from Escherichia coli and Vibrio cholerae is described. Small amounts of bacterial supernatant fluids are bound to nitrocellulose filters which are used as sorbents in the nitrocellulose enzyme-linked immunosorbent assay. The test is based on the immunological similarity between V. cholerae and E. coli heat-labile enterotoxins. Six isolates of V. cholerae and 48 isolates of E. coli were examined for heat-labile enterotoxins by the nitrocellulose enzyme-linked immunosorbent assay and the Vero cell bioassay. With some strains, the nitrocellulose enzyme-linked immunosorbent assay was found to be more sensitive for detection of E. coli heat-labile enterotoxin than the Vero cell test. A similar result was obtained by endpoint titration of heat-labile enterotoxin-positive E. coli H10407 culture fluid in both assays. The sensitivity of the nitrocellulose enzyme-linked immunosorbent assay for the detection of purified cholera toxin was at a total level of 1 ng, which is a good result when compared with other serological assays.
Heat-labile enterotoxins which are produced by Vibrio cholerae (CT) and by some pathogenic strains of Escherichia coli (LT) can be assayed by various methods.
Previously developed in vivo enterotoxin tests, such as the ileal loop test (3, 17) or the vascular permeability assay (6) , proved to be sufficiently sensitive but too laborious for routine application.
In the last decade, a number of different in vitro enterotoxin assays were established which are more suitable for screening examinations of clinical specimens. At present, bioassays with tissue cultures of, e.g., Y-1 cells (20) , Chinese hamster ovary cells (10) , and Vero cells (26) are most commonly used. It is a disadvantage of these bioassays that they require experience and special tools not always present in standard clinical laboratories.
Alternatively, seroimmunological methods were employed to examine bacterial supernatant fluids for the presence of LT or CT. LT and CT are immunogenic and have been used for the preparation of immunologically crossreactive antisera in experimental animals (2, 11, 21) . A number of serological assays have been described which employ anti-LT or -CT immune serum in precipitation reactions (14) , coagglutination tests (1, 13, 15) , or complementmediated, passive-immune hernolysis (8, 23) for enterotoxin screening. Furthermore, very small amounts of LT and CT may be detected by using either the radioimmunoassay (9, 24) or modifications of the enzyme-linked immunosorbent assay (ELISA) (12, 27, 28, 30) . In particular, the latter tests are highly sensitive, but until now their application has been limited to well-equipped, high-level laboratories. As a consequence, we developed a modified ELISA by using nitrocellulose as sorbent (NC-ELISA) for the detection of LT bines the sensitivity of the original ELISA with the advantage that special laboratory equipment and refinements of the test as described for other LT ELISAs (27, 28, 30) are not required. The NC-ELISA is a simple and economical test and can be performed in any small laboratory equipped for bacteriological work.
MATERIALS AND METHODS
Bacteria. Six strains of V. cholerae and 48 isolates of E. coli were used in this study. The properties of V. cholerae strains are summarized in Table 1 . All E. coli strains except W8, C600, 168-32, and 168-150 were from human clinical isolates. Table 2 presents the characteristics of 16 E. coli strains used for documentation of the NC-ELISA in Fig. 1 . E. coli H10407 and 408 were taken as standard positive controls and the K-12 strains W8 and C600 as standard negative controls for heat-labile enterotoxin.
Stock cultures of V. cholerae were maintained on nutrient agar slants (pH 7.8) and subcultured monthly. E. coli strains were usually kept frozen at -20°C in a dilution of 1.5% Bacto-Peptone (Difco Laboratories, Detroit, Mich.) with an equal amount of sterile 87% glycerol.
Preparation of bacterial culture filtrates. A loopful of bacteria was inoculated into 100-ml culture flasks, each containing 10 ml of 2% Casamino Acids, 0.6% yeast extract (Difco), and salts medium (CYE) as described by Evans et al. (6) . Bacterial cultures were grown overnight in a rotary shaker at 250 rpm and 370C. After overnight growth, the cells were removed from the supernatant by centrifugation for 30 min at 13,000 x g. The culture fluid was subjected to sterile filtration through 0.22-,um disposable filter units (Millex; Millipore Corp., Bedford, Mass.), and aliquots were stored at -20°C.
Preparation of rabbit antiserum against cholera toxin. ELISA. The technique originally described by Engvall apd Perlmann (5) was subjected to the following modifications. Bacterial supernatant fluid and purified CT were diluted in carbonate buffer (15 mM Na2CO3-35 mM NaHCO3 [pH 9.6]) before use. One hundred microliters of diluted antigen was added per well in a flat-bottom polystyrene plate (Immulon, 129B; Dynatech Deutschland GmbH, Plochingen, Federal Republic of Germany). The plates were stored for 16 h at 4°C overnight for coating. The next day plates were washed for 10 mim in a solution of 0.9% NaCl-0.1% Tween 20. After washing, 100 ,ul of diluted rabbit anti-CT serum or preimmune serum in PBS containing 0.1% Tween 20 and 1% bovine serum albumin (BSA) (Sigma) was added per well, followed by incubation for 1 h at 37°C.
The serum was removed, and the plates were washed as described above. The plates were further incubated for 1 h at 37°C with 100 ,ul of alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin G per well (Tago, Inc., Immunodiagnostic Reagents, Burlingame, Calif.) diluted 1:1,000 in (19) . Five-microliter samples of filtered bacterial supernatant fluid or purified CT were spotted on the discs with a micropipette. The loaded discs were air dried overnight at room temperature. After desiccation, the discs were incubated with 200 [LI of 3% BSA in PBS at 45°C for 1 h. This step was necessary to block remaining protein-binding sites on the nitrocellulose membranes. The BSA solution was carefully removed with the aid of a vacuum pump and replaced by an equal volume of washing buffer (0.9% NaCI-0.1% Tween 20) for 10 min at room temperature. After being washed, the discs were incubated for 1 h at 37°C with 100 p.1 of rabbit anti-CT or preimmune serum diluted in PBS containing 1% Tween 20. The serum was removed as described above, and the discs were washed with 200 p.l of washing buffer per well. The washing procedure was repeated 10 times at 5-min intervals by addition and removal of washing buffer from the wells. This step was followed by a 1-h incubation at 37°C with 100 ,ul of alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin G per well diluted in 50 mM Tris (pH 8.0) containing 1% Tween 20. For all experiments, conjugate was used in an optimal working dilution of 1:1,000 that was determined by titration. After removal of the unbound conjugate, the discs were washed as described above. The alkaline phosphatase activity was assayed as described by O'Connor and Ashman (18) . Equal volumes of freshly prepared solutions of naphthol AS-MX phosphate (0.4 mg/ml) and Fast Red TR salt (6 mg/ml in 200 mM Tris [pH 8.01-2 mM MgCl2) (both from Sigma) were mixed and filtered before use. The filter discs were incubated in 100 p. of this mixture per well for 30 min at room temperature. The color reaction was terminated by washing the discs three times in distilled water. Discs with a positive reaction showed a distinct red spot on the labeled site. The intensity of color corresponded to the amount of nitrocellulose-bound antigen.
Sensitivity of the NC-ELISA for the detection of LT and CT. A total of 1 ng of purified CT per filter disc was clearly detectable by visual reading of the NC-ELISA. The amount of 0.1 ng per filter was too small to allow a distinct detection, whatever concentration of serum was used (Fig. 1) . Similarly, when tested by ELISA, 1 ng (10 ng/ml) of CT resulted in a slightly positive P/N ratio (>2.0), whereas 0.1 ng (1 ng/ml) of CT was below the detectable level (Table 3) . With both assays, a quantitative correlation between increasing amounts of bound CT and color intensity (absorbance rate) was found.
The sensitivity of the NC-ELISA for detection of purified CT (a total of 1, 5, and 10 ng) was not markedly decreased by the presence of other protein (BSA) up to a concentration of 25 mg/ml in the sample added to the filters. Higher concentrations of BSA prevented clear detection of bound CT.
The sensitivity of the NC-ELISA for the detection of LT and CT in bacterial supernatant fluids was tested. The degree of color intensity on the nitrocellulose test filters varied strongly and specifically between different tested supernatant fluids from independent strains or species. This finding correlated with the different strength of the toxic effect caused by several tested LT' or CT' supernatant fluids on Vero cells. These variations observed in both assays appeared to be dependent on the quantities of LT or CT present in the culture fluid. Quantitative differences between some representative low and strong enterotoxinproducing strains were also measured by ELISA (Table 4) .
In contrast to the NC-ELISA, only strong and nonenterotoxin producing bacteria could be clearly discerned by this method. The variations of absorbance rates which were obtained from repeated experiments with the same antigen samples were too high to distinguish reliably between poor (strains 168-32 and D18/2) and non-LT-producing (strains W8 and 89/83 and CYE control) E. coli (Table 4 ). In contrast, these strains were clearly differentiated by the NC-ELISA (Fig. 1) .
RESULTS
Neutralization of LT in E. coli culture fluid by rabbit anti-CT serum. Rabbit preimmune and anti-CT sera were tested for neutralization of LT Higher serum dilutions (1:2,000) resulted in a weaker response with some E. coli culture filtrates (mostly poor LT producers). On the other hand, the test sensitivity for detection of purified CT was not enhanced when serum concentrations higher than 1:1,000 were used. (Table 2) strains are documented in Fig. 1 . Some of the E. coli strains have already been described as LT' (Table 2 ). These and strains found to be LT' in this study by the Vero cell assay were all positive when tested by the NC-ELISA. Supernatants of V. cholerae strains exhibited a stronger effect on Vero cells (>90% of cells affected) and a stronger color reaction in the NC-ELISA than LT' E. coli (Fig. 1) .
A disagreement between both tests was obtained for E. coli 167-36 (see Fig. 1 ) and two other E. coli strains which were negative in the Vero cell test but weakly positive for LT by the NC-ELISA. These 
DISCUSSION
In this study, the use of a modified ELISA with nitrocellulose as a solid phase for the rapid detection of LT and CT in bacterial culture fluid is described. The results reported indicate that the NC-ELISA possesses sufficient specificity and a better sensitivity for detection of LT as compared with the Vero cell assay. By the NC-ELISA, LT-strains of E. coli were clearly discerned from isolates which produced LT in relatively high and low amounts. In contrast to other methods (8, 14, 28) , it was not necessary to prepare polymyxin extracts of bacteria for LT detection.
The binding capacity of nitrocellulose favorably compared with that of polystyrene ELISA plates. Similar observations have been made by others, especially for the case in which high concentrations of additional protein other than antigen were present in the sample (19) . Nitrocellulose is known to have excellent binding characteristics for DNA and protein (25, 29) . For 1251I-labeled immunoglobulin G, a binding capacity of 80 to 100 ,ug of protein per cm2 was reported (16) . The ability of polystyrene to adsorb proteins is much more limited, even when an excess of protein is used for coating (22) . Furthermore, the effective binding capacity of polystyrene shows a certain variation between different batches of plastic material and even between different lots from the same batch. In our study, this phenomenon was observed when bacterial supernatant fluids were screened for the presence of LT by repeated ELISA tests (Table 4) . As a consequence, Svennerholm and Holmgren (27) developed the GM1 ELISA, in which the ganglioside GM1 is used to enhance the specific binding of LT to GM1-coated plastic material. This technique, which is very specific, requires at least partial purification of E. coli LT for antiserum preparation and purified GM1 ganglioside, which is a relatively expensive substance.
In contrast to the GM1 ELISA, we found rabbit anti-CT immune serum sufficiently cross-reactive with E. coli LT of human and animal origin to be used for the NC-ELISA. The use of antiserum to crude or partially purified LT may cause unspecific reactions in the test due to the presence of antibodies to E. coli proteins other than LT.
The sensitivity of the NC-ELISA for the detection of LT and CT is good as compared with other serological assays. Moreover, in contrast to other serological tests, which often require biochemical purification of specific antibodies, preparation of purified LT, or, as in the case with the doublesandwich-antibody ELISA (30), two immune sera from different animal species, the NC-ELISA is much more simple to perform. Coagglutination tests require highly purified anti-CT or -LT immunoglobulins, which are needed for sensitization of bacteria or inorganic material (1, 13, 15) . The passive hemolysis assay (8, 23) requires sensitization of erythrocytes with purified enterotoxin and has the disadvantage of not being applicable to hemolysin-producing strains of E. coli.
Especially for clinical laboratories with low-standard equipment, the NC-ELISA represents a sensitive qualitative method for the rapid diagnosis of enterotoxigenic E. coli. All components of the system, except rabbit anti-CT serum, which is simple to prepare, are commercially available at moderate costs and economical in use. No specialized staff and special equipment are needed to carry out the test. Because of its properties, the NC-ELISA is suitable for 
